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SUMVARY

On Novenber 1, 1991, the National Institute for Occupational Safety ar
Heal th (NI OSH) received a request for a health hazard eval uati on (HHE)
the U S. Departnent of Interior, National Park Service (NPS). The pur
the HHE was to characterize fire fighters' exposures to chemical conte
during fire suppression operations. |ndustrial hygiene data was colle€
Novenber 3 and 4, 1991, during the Gauley Muntain Fire at the New Riv
Nati onal River in West Virginia.

During the HHE, personal breathing zone (PBZ) and area air sanples wer
collected to neasure airborne concentrations of carbon nonoxide (CO,
di oxi de (SO,), al dehydes, volatile organic conpounds (VOCs), respirab
particulate matter (RPM, crystalline silica, benzene sol ubles, and
pol yaromati ¢ hydrocarbons (PAHS).

Ei ght - hour ti nme-wei ghted average (TWA) exposures ranged up to nine par
mllion (ppm for both CO and SO,, with average exposures of four and
respectively. CO exposures were well below the NI OSH recomended expc
limt (REL) of 35 ppm Twenty-three of the 40 PBZ neasurenents of

SO, exposures were at or above the NIOSH REL of two ppm  Fornmal dehyde
concentrations ranged up to 0.10 ppm NI OSH consi ders fornmal dehyde tc
potential occupational carcinogen, and recomends that exposures be re
the |l owest feasible level. Air concentrations of other al dehydes dete
acet al dehyde, acrolein, and furfural, were below the m ni num quantifie
concentrations (MQC). VOCs were not detected. Air concentrations of
ranged up to 1.5 mlligrams per cubic meter (mg/n¥). Silica was not d
Air concentrations of benzene sol ubles ranged up to 0.67 ng/n®; howeve
were not detected on these sanples. Air concentrations of naphthal ene
measured from the tube portion of the PAH sanples ranged up to 6.1 mc
per cubic nmeter (ug/n?). This is well below the NIOSH REL of 50 ng/ n?.
Concentrations of other PAHs were bel ow the MQC

Results indicate that fire fighters were overexposed tp SO, during
wil dfire suppression activities. Recomendations for feducing SO
exposures, and for future collection of exposure data pre

provi ded.

KEYWORDS: SIC 0851 (Forestry Services); forest fire fighting; carbon
nmonoxi de; sul fur dioxide; aldehydes; volatile organic conpounds; part
matter; crystalline silica; benzene sol ubles; polyaromatic hydrocarbor
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| NTRODUCTI ON

On Novenber 1, 1991, the National Institute for Occupational Safety ar
(NIOSH) received a request for a health hazard evaluation (HHE) fromt
U.S. Departnent of Interior, National Park Service (NPS). The purpose
HHE was to characterize fire fighters' exposures to chem cal contam ne
during fire suppression operations. |Industrial hygiene data was colle€
Novermber 3 and 4, 1991, during the Gauley Mountain Fire at the New Riv
Nati onal River in West Virginia.

NI OSH assi stance in evaluating chem cal exposures of wildland fire fic
was first requested in 1988. The NPS requested assi stance from NI OSH
identifying and quantifying the potential exposures to chemcals in sr
in evaluating the inmpact of inhalation of this snmoke on the health of

fighters. In 1988, data was collected during the Yell owstone Nati onal
fires which swept through nearly half of the park's 2.2 mlIlion acres

(HETA 88-320-2176).%* In 1990, data was collected at Yosenm te National
during the Arch Rock Fire (HETA 90-365); a report sunmarizing the finc
this study is currently being prepared. 1In 1991, data was collected ¢
t he Thonpson Creek fire at Gallatin National Forest? and during the Ga
Mountain Fire at the New River Gorge National River

BACKGROUND

There are two distinct classifications of wildland fires, prescribed ¢
wildfire. A prescribed fire is designated as such when it is in the
"prescription” of the burn. The prescription includes a specific geoc
area and predeterm ned burning properties, such as flame height and fu
consunption. Conversely, a wildfire is a wildland fire that is outsic
prescription.

Wl dfire suppression activities nmay have up to five stages for a giver
di spatch, initial attack, buildup, nop-up, and denobilization. After

is spotted and the location is identified, fire fighters are di spatche
fire for initial attack. |If initial attack activities do not control

fire, build-up of suppression activities to a project or canpaign fire
pl ace. Once the fire is controlled, denobilization of resources occur
this point nmop-up efforts, the actual extinguishnent of all fire, are
focus of suppression activities.

Al t hough the strategies used to fight forest fires can vary dramati cal
techni ques used fromone fire to another are basically the same. Fire
suppression relies on renoving one or nore of the three requirenents c
fire: oxygen (O), fuel, and heat. For an uncontrolled fire, suppres
efforts focus on renoving the vegetation which is the fuel for the fir
Procedures that renove heat and O, are relied on during the nop-up sta

Fire fighters use hand tools to renove vegetation down to the m nera
thus form ng containnent |ines around the fire. The containment |ines
referred to as fireline. When firelines are constructed adjacent to t
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it isreferred to as direct attack line construction. Wen they are
constructed at a distance fromthe fire, it is referred to as indirect
Direct attack generally requires less time to control the fire, and re
| ess acreage burned. However, direct attack usually requires buildinc
fireline, with personnel working nearer to the heat and snmoke. Direct
therefore, is generally considered to result in greater exposures of f
fighters to snoke than is indirect attack. Air attacks, i.e., the drc
water or fire retardant fromvarious types of aircraft, is used to slc
progress of the fire and to extinguish spot fires that nmay devel op dov
the main fire. To renove fuels from areas ahead of the advancing fire
affect the direction or spread of the wildfire, unburned areas of |anc
ignited intentionally within prescription. During this operation, ref
as burning out or backfiring, fire fighters are required to "hold the
to insure that the fire does not escape its prescription.

Forest fire fighters typically work 12 hours per day, six to seven day
week. They are allowed to work up to 13 days straight, at which tinme
must take one day off (after 21 days, they are required to take two de
The crew is usually transported by ground or air to and from staging ¢
The duration of time that a fire fighter spends in travel during one s
range from m nutes to hours. This depends on the distance between the
area and base canp, and the nunber of staging areas that the fire figrt
travels to during that shift. After arriving at the staging area, cre
spend up to several hours hiking before initiating |ine construction.

During suppression activities, fire fighters typically wear Nomex™ par
shirt, VibramMsol ed boots, hard hats, goggles and | eather gloves. Nc
a chemcally treated material which is flame resistant. It will burn
an ignition source is present. This differs fromplain cotton which v
continue to burn when the ignition source is renoved.

Because fire suppression strategies can vary depending on fire behavic
snoke exposure which fire fighters experience can also vary dramati cal
this reason, NIOSH investigators targeted their efforts at fires whict
appeared to have the potential for prolonged direct attack activity, v
were believed to result in the greatest exposure, i.e., nmonitoring the
case. To collect exposure data on direct attack, it is critical that

coll ection occur during the early stages of fire suppression, because
fire is contained, prolonged direct attack is less likely.

On Novenber 1, the NI OSH team was di spatched to the fire out of Regior
the United States Forest Service (USFS). On November 2, the team nment
at base canp preparing to collect data the following day. (Data colle
began within 36 hours of being dispatched.)

The crew nonitored, the Al pine Hot Shots, was sel ected through the coc
of the local Incident Conmander. A "Hot Shot" crew, also called a Ty
crew, was chosen because they are nore likely to performdirect attack
Type 2 crew, which generally perforns indirect attack and nop-up. Thc
designated as a "Hot Shot" crew, the Alpine crew at the Gaul ey Mountai
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consisted of Type 1 crew nenbers fromthe Al pine Hot Shots, and nenber
various Type 2 crews.

A crew typically consists of one superintendent who is in charge of ug
squads. Each squad is led by a squad boss who is in charge of approxi
five fire fighters. Some of the fire fighters, referred to as sawyers
chai nsaws during line construction to renove trees and other | arge fue
majority of the fire fighters use manual tools designed specifically f
renmovi ng fuels.

On Novenber 3, the crew backfired up a hill froma dirt road. The roe
utilized as a natural fire break; therefore, firelines were not constr
that day. The crew nonitored the road to assure that the fire did not
onto the downhill slope. Crew nenbers described the snoke exposure du
that shift as very low. On Novenber 4, the crew constructed fireline
(indirect attack), and backfired from another dirt road. Crew nenbers
descri bed the snoke exposure as |ow during nost of that shift and node
during one intense backfiring operation that |asted approximtely 45 r
Crews worked 12 hours each day including travel tinme. The amount of t
time each day was approxinmately three hours; this included tinme spent

transport and hi ki ng.

METHODS

Data collected at the Gaul ey Mountain Fire consisted of personal breat
zone sanples (PBZ) full-shift air measurenents for the foll owi ng analy
carbon nonoxi de (CO), sulfur dioxide (SO), respirable particulate
matter (RPM), crystalline silica, aldehydes, benzene sol ubles, and

pol yaromati ¢ hydrocarbons (PAHs). These conpounds were chosen based c
previously collected by NI OSH and ot her investigators that suggests tFt
conpounds nmay be present during wildfires or prescribed burns.* A to
20 fire fighters were nmonitored for two days (Novenmber 3 & 4). One ar
measur enent for each of the above anal ytes was made at the Canyon Rim
Visitor's Center on Novenber 4. These measurenents were nade using ttf
met hods as for PBZ sanpl es.

CO and SO,

Thirty-ni ne PBZ measurenents for CO and 40 PBZ neasurenents for SO, we
usi ng Drager long-termdiffusion tubes. The average duration of these
was 8.2 hours. The Drager tubes are colorinetric indicators which prc
l ength of stain proportional to the tinme-weighted average (TWA) concer
The range of neasurenent for an eight hour sanple is 6 to 75 parts per
mllion (ppm for COand 0.7 to 19 for SO,.°> The relative standard de\
of the nethod is reported to be 25% for CO at an air concentration of
and 20% for SO, at an air concentration of 2 ppm
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Al dehydes

Ten PBZ neasurenents were made for al dehydes using NI OSH Met hod 2539. 6
air was drawn through an SKC sorbent tube (catal og number 226-30-15-2)
flowate of 0.05 liters per mnute (Il pm using a portable battery-powe
sanpling punp. The average sanple volunme was 28 liters. The sanples
anal yzed by gas chromatography for the follow ng al dehydes: acetal det
f or mal dehyde, acrolein and furfural.

Vol atil e Organi c Conpounds (VOCs)

Ten PBZ neasurenents for VOCs were made using NI OSH Met hods 1003, 150C
1503. Sanple air was drawn through a standard charcoal tube using a ¢
battery-powered sanpling punp at a flowrate of 0.05 Ipm The average
volune was 29 liters. After sanpling, the charcoal was desorbed wth
carbon disul fide and the sanples were qualitatively screened by gas
chromat ography (GC) and nass spectroscopy. Based on these results, st
were prepared and the sanples were quantitated for benzene, toluene, x
and trinethyl benzene by GC.

RPM and Silica

Ni ne PBZ neasurenents of RPM were made using NI OSH Met hod 0600.°% Sanp
was drawn through a Dorr-Qiver cyclone and then through a tared polyv
chloride filter (37 mllineter diameter, 5 mcron pore size) at a flov
1.7 pmusing a portable, battery-powered sanpling punp. The average

volune was 890 liters. The cyclone renoves the non-respirable partict
fromthe airstream that which has an aerodynam c di aneter of greater

10 microneters (pum. A determ nation of the weight of the RPM deposit
each sanple was made by weighing the filters on an el ectrobal ance afte
coll ection and subtracting the previously determ ned tare weights. Tt
sanpl es were then analyzed for respirable crystalline silica content
diffraction (N OSH Met hod 7500). 6

Benzene Sol ubl es and PAHs

Ni ne neasurenents of benzene sol ubl es, and both particul ate and gaseotl
of PAHs, were made using NI OSH Met hods 5023 & 5515. Air was drawn thr
pol ytetrafl uoroethylene filter and sorbent tube (washed XAD-2 resin ir
sorbent tube, manufactured by Supelco Inc.) in series, at a flowrate
1.0 pmusing a portable, battery-powered sanpling punp. The average
volume was 530 liters. The filter collects the PAH-containing partictL
matter, whereas the sorbent tube collects the gaseous PAHs. The filte
sorbent tube sanples were extracted with benzene. Aliquots of the ext
fromthe filters were evaporated to deternine the benzene-sol uble frac
the extract (NI OSH Method 5023). Separate aliquots of the filter and
extracts were injected into a GC-FID and anal yzed for the follow ng P/
napht hal ene, acenapht hyl ene, acenapht hene, fluorene, phenanthrene, ant
fl uorant hene, pyrene, benz(a)anthracene, chrysene, benzo(b)fluoant hene
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benzo(k)fluorant hene, benzo(e)pyrene, benzo(a)pyrene, indeno(l,2,3-c,c
di benz(a, h)ant hracene, and benzo(g, h,i)peryl ene.
EVALUATI ON CRI TERI A

General Guidelines

As a guide to the evaluation of the hazards posed by workpl ace exposur
NI OSH field staff enploy environmental evaluation criteria for assessr
nunber of chem cal and physical agents. These criteria are intended t
suggest | evels of exposure which nost workers nay be exposed up to 10
per day, 40 hours per week, for a working lifetinme, w thout experienci
adverse health effects. It is, however, inportant to note that not al
workers will be protected from adverse health effects if their exposur
mai nt ai ned bel ow these levels. A small percentage nmay experience adve
health effects because of individual susceptibility, a pre-existing ne
condition, and/or a hypersensitivity (allergy).

I n addition, sone hazardous substances may act in conbination with otfl
wor kpl ace exposures, the general environnment, or with nedications or
habits of the worker to produce health effects, even if the occupatior
exposures are controlled at the |level set by the evaluation criterion.
conmbi ned effects are often not considered in the evaluation criteri a.
sone substances are absorbed by direct contact with the skin and mucotL
menbranes, and thus, potentially increase the overall exposure. Final
eval uation criteria my change over the years as new i nformation on tt
effects of an agent becone avail abl e.

The primary sources of environnental evaluation criteria for the workg
the followng: 1) NIOSH criteria docunments and reconmendati ons, inclt
recommended exposure limts (RELs), 2) the Anmerican Conference of Gove
| ndustrial Hygienists (ACGH) Threshold Limt Values (TLVs), and 3) tF
U.S. Departnent of Labor, Occupational Safety and Health Admi nistratic
perm ssi ble exposure limts (PELs). The OSHA standards nay be require
take into account the feasibility of controlling exposures in various
i ndustries where the agents are used; the NI OSH-recomended standards,
contrast, are based primarily on concerns relating to the prevention c
occupati onal disease. Industry is legally required by the Occupatione
and Health Act of 1970 to neet those |evels specified by an OSHA stanc
The requirenments of the act were extended to federal enployees in 198C
executive order 12196, Occupational Safety and Health Programs for Fec
Enmpl oyees.

A full-shift TWA exposure refers to the average airborne concentratior
substance during a normal 8- to 10-hour workday. Sone substances have
recomrended short-term exposure limts (STEL) or ceiling values which
i ntended to supplenent the TWA, where there are recogni zed toxic effec
hi gh short-term exposures.
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Listed below is a brief summary of the known health effects from overe
to the chem cals which were nonitored during this survey.

Car bon Monoxi de

Car bon nonoxide is a col orless, odorless, tasteless gas produced by ir
burni ng of carbon-containing materials; e.g., vegetation. The initial
synptons of CO poisoning may include headache, dizziness, drowsiness,
nausea. Advanced synptons include vomting, |oss of consciousness, ar
col l apse if prolonged or high exposures are encountered. Coma or deat
occur if high exposures continue.””* The NIOSH REL and OSHA PEL for al
TWA are 35 ppm The ACGH TLV is 25 ppm (this was reduced from 50 ppr
year).'® The REL was devel oped by NI OSH using the Coburn, Foster, Kane
equation.” It is designed to reflect the 8-10 hour TWA exposure to CC
woul d result in a 5% carboxyhenogl obin (COHb) | evel for individuals w
a low level of activity at an elevation close to sea level. N OSH rec
adj usting the REL when environnental conditions or work | oads differ f
t hose which the guideline was designed.’” After adjusting for these fa
the NIOSH i nvestigators cal cul ated RELs of 17 and 21 ppmfor fire figrt
the Yell owst one and Thonpson Creek fires respectively.»? Based on the
conditions observed for fire fighters during the Gaul ey Mountain Fire,
adj usted REL of 30 ppm CO was cal cul ated. The cal cul ation of this val
the paraneters used in its calculation are provided in Appendix I.

Sul fur Di oxi de

SO, is a colorless gas that results fromthe conbusti on of sul fur-cont
materials. It is a severe irritant of the eyes, nmucous nenbranes, ski
t he upper respiratory tract. The irritation of the upper respiratory
can result in changes in pul nonary nechanics due to irritant induced

bronchoconstriction. ' |ndividuals who suffer fromasthm are partic
sensitive to SO, exposure, experiencing pulmonary effects at |evels of
1 ppm*® The NIOSH REL, OSHA PEL and ACG H TLV for an 8-hour TWA are :

Al dehydes

Col l ectively, aldehydes constitute a broad class of organic conpounds
are highly reactive biochemcally. Acute health effects from exposure
al dehydes can include irritation to the eyes, nose, throat and nucous
menbranes; chem cal sensitization; and pul nonary edema at higher
concentrations.®2 The OSHA PEL and ACG H TLV for acetal dehyde,

f ormal dehyde, acrolein, and furfural are 100 ppm 1 ppm 0.1 ppm and
respectively. N OSH considers acetal dehyde and fornal dehyde to be pot
occupati onal carcinogens and recommends that exposures be reduced to t
| onest feasible level. The NIOSH REL for acrolein is 0.25 ng/nf. N C
not currently have an exposure guideline for furfural.

Respirable Particul ate Matter (RPM
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RPM refers to particulate material that has a nean aeromatic dianeter

10 mcroneters or |less. Because of their small size, these particles

capabl e of reaching the alveolar region of the lung; hence, they are r
to as respirable particulate. N OSH does not have an REL for RPM  QOf
established a PEL of 5 ng/n? for respirable particulate not otherw se

regul ated (RPNOR). NIOSH investigators feel that the OSHA PEL for RPI
not an appropriate evaluation criteria for wildland fires, because pre
research has denonstrated that smoke from forest fuels can contain a v
of toxic conmpounds including PAHs. 2!

Crystalline Silica

Crystalline silica consists of clear crystals conposed of silicone anc
that can be present in soils and becone airborne when soil is disturbe
Exposure to crystalline forns of silica: quartz, cristobolite, tridyr
tripoli are known to cause silicosis,? a disabling form of pul nonary
fibrosis.2 N OSH considers all fornms of crystalline silica to be pote
human carci nogens. The OSHA PEL and ACG H TLV are 0.1 ng/n?¥ for quart
0.05 ng/n? for cristobalite.

Pol varomati c Hydrocar bons ( PAHs)

PAHs constitute a |large class of organic conpounds that consist of tw
fused aromatic rings. They are often associated with the combustion ¢
pyrolysis of organic matter, especially coal, wood, and petrol eum proc
The anal ytical nethod for PAHs neasures 17 individual conmpounds. Eval
criteria for the mpjority of these conpounds do not currently exist.
NIl OSH REL and OSHA PEL for naphthalene is 50 ng/n®. For Chrysene, N C
recomends that exposures be reduced to the | owest feasible |evel bece
t he carcinogenic potential of chrysene. The OSHA PEL for coal tar pit
vol atiles pertains to em ssions containing PAHs that result fromthe L
of wood as well as coal. This standard of 0.2 ng/n?, is for benzene-s
fromwhich at | east one of the follow ng PAHs has been identified:

ant hracene, benzo(a)pyrene, phenanthrene, acridine, chrysene, or pyrer

RESULTS AND DI SCUSSI ON

Ei ght - hour TWA exposures for CO and SO, are presented in Table 1. Exp
ranged up to 9 ppm for both CO and SO,. Average exposures for CO and
4 and 2 ppm respectively. One SO, neasurenent of 9 ppm was much grea
t he other 39 sanples which ranged from1l to 3 ppm An expl anation for
was not identified. Twenty-three of the 40 PBZ exposures neasured for
were at or above the NIOSH REL of 2 ppm

Reduci ng SO, exposures requires the removal of SO, em ssions fromthe ¢
is inhaled, or a reduction in the time that fire fighters are in areas

a Pul monary fibrosis refers to the formation of fibrous tissue
the lung which generally inpairs pul nonary function.
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el evated concentrations of SO, The reduction of SO, exposures during
suppression activities through engineering controls such as |ocal exhe
ventilation is not feasible for wildland fires. Respirators approved
for controlling SO, exposures include chem cal cartridge respirators (
and air supplied respirators (ASRs). Fire suppression agencies may ct
use CCRs; however, enployee disconfort, the additional pul nonary | oad,
reliance on enpl oyee cooperation, are factors which nmust be considerec
bef orehand. [If CCRs are used, a conplete respiratory program consiste
the OSHA respiratory standard (29 CFR 1910.134)2 shoul d be inpl enment ec
ASR, either an airline type or self-contained breathing apparatus (SCE
not offer a feasible method of controlling contam nant exposures at w
fires. Airline respirators are not practical because of the renpte Ic
t opography of the environnent, and distances traveled during wldland
suppressi on. SCBAs have too short of a service life (generally 30 mr
| ess), and are too heavy and bulky for the fire fighters to carry whil
perform ng fire suppression.

Adm ni strative controls ained at reducing the tine that fire fighters

exposed to el evated SO, concentrations could effectively reduce SO, exj
Options include shortening the duration of the workshift and/or restri
the fire fighter fromareas where SO, concentrations are above the REL
suppressi on agencies my choose to rely on adm nistrative control nett
depend on snoke intensity; however, that requires an objective assessr
intensity. Currently, snoke intensity is a subjective judgenent nmade
suppressi on personnel based primarily on visual observation. (It is v
noting that overexposures to SO, occurred at the Gaul ey Mountain Fire

t hough the snmoke intensity was judged to be low to noderate by fire fi
Furthernmore, there is no evidence that snmoke intensity, even if based

obj ective data, reflects the air concentrations of individual contamr
Routi ne nmonitoring of workers under various wildland fire conditions i
only reliable nmethod of determining fire fighters' exposures to indivi
conpounds.

For mal dehyde exposures ranged up to 0.10 ppm The average exposure we
0.07 ppm NI GOSH considers formal dehyde to be a potential occupational
carci nogen, and recomends that exposures be reduced to the | owest fec
| evel . Exposures to furfural ranged up to 0.03 ppm This concentrati
wel | below the OSHA PEL of 2 ppm Exposures to acetal dehyde and acro
bel ow t he m ni mum quantifiable concentration (MQC). The MXs for acet
and acrolein are 0.06 and 0.02 ppm respectively. These MQXC val ues ar
on a sanple volume of 28 liters. VOCs were not detected. The mi ninur
det ect abl e concentration (MDC) for a 29 liter sanple is 0.03 ng/n?¥ for
benzene; and 0.3 ng/n? for toluene, xylene, and trinethyl benzene.

RPM exposures ranged up to 1.5 ng/nf¥. The average exposure to RPM was
0.49 ng/nf. Crystalline silica was not detected. The MDC for a 890
sanple is 0.02 ng/n? of silica. Air concentrations of benzene sol uble
up to 0.67 ng/n¥; however, PAHs were not detected on these sanples. T
for a 530 liter sanple is 0.9 ug/n?. Concentrations of naphthal ene fr
PAH t ube sanples ranged up to 6.1 pug/n¥. This is well bel ow the N OSH
50 ng/ n?. Exposures of other PAHs detected on the tube sanples;
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acenapht hyl ene, acenapht hene, and fluorene, were below the MQC. The M
530 liter sanple is 3 pg/nt.

The air concentrations of contam nants neasured at the visitors center
low. The air concentration of CO was one ppm and SO, was not detected
l[imt of detection (LOD) of the method used to neasure SO, is reported
0.7 ppmfor an 8-hour sanple.® The formal dehyde concentrati on was bel
MQC of 0.03 ppmfor a sanple volune of 30 liters. Neither acetal dehyc
acrolein, nor furfural were detected. The MDCs for a 28 liter sanple
0.02, 0.006, and 0.003 ppm for acetal dehyde, acrolein, and furfural,
respectively. VOCs were also not detected. The air concentration of
0.07 ng/nf. Crystalline silica was not detected. The benzene-sol uble
concentration was 0.11 ng/n®; however, PAHs were not detected on this
PAHs were not detected on the tube portion of the sanple either. The
a 530 liter sanple is 0.9 ug/nf. These neasurenents indicate that con
concentrations at the visitors center were |ow and did not pose a heal
concern for visitors, or park personnel working at the center.

The dirt roads from which backfiring occurred, served as natural fire
This precluded the need for direct attack fireline construction. EXxpc
during direct attack, what sonme fire suppression personnel believe may
the worse case exposure conditions, were therefore not nmeasured. Disc
with crew nembers from several Type 1 crews has suggested that proloncg

direct attack does not frequently occur. It may be unrealistic to exg
investigations performed at a few fires to provide data on what may be
relatively rare event. Routine exposure nonitoring of crews would ing

probability of collecting exposure data during direct attack |ine
construction. The nonitoring of individual fire fighters for an entir
season woul d provide both daily (short-term) and seasonal (long-term
exposures. This m ght best be acconplished by assigning an industri al
hygienist to a fire crew for the duration of a fire season

Many factors affect a wildland fire, but probably none nore so than tF
weat her. Despite inproved weather forecasting, |ocal weather events ¢
unpredi ctable. This unpredictability, as it relates to fire behavior,
intensified because the fire itself influences wind patterns. Unpredi
changes in weat her, and the subsequent changes in fire behavior, are f
that influence the effectiveness of suppression activities at extingui
the fire. Simlarly, the effectiveness of data collection efforts are
i nfluences by unpredictable weather and fire behavior. NI OSH teans he
arrived at several fires since 1988, only to be notified that the fire
nearly controll ed.

An alternative to collecting exposure data at wildfires is to coll ect

prescribed burns ignited by fire suppression personnel. These are ple
events that coincide with predicted weather patterns. Because the wee
fire behavior is likely to be nore predictable, exposure studies of pr
burns such as the study performed by the United States Forest Service,
prove to be nore productive. One argunent against using data from pre
burns, is that the data would not represent exposures at wildfires. (
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evi dence that supports this argunment however, does not exist. It is L
t hough, that nonitoring at a prescribed burn woul d provi de exposure de
direct attack, unless the fire escaped its prescription.

RECOMVENDATI ONS

1.

Adm ni strative controls to reduce the fire fighter's exposure to
shoul d be determ ned by the NPS and ot her agencies responsible fo
suppression. If controls are used which depend on snoke intensit
obj ective criteria for assessing the intensity should be establis

Routi ne exposure nonitoring of the crews during fire suppression
activities should be conducted. This can best be done by the NPS
ot her agencies responsible for fire suppression. Although settin
such a programis a |large task and would require additional resou
it is an inportant nmeasure for assuring the health and safety of
fire fighters.

The nonitoring of individual fire fighters for the entire fire se
shoul d be conducted to provide both daily and seasonal exposures.

The focus of future research efforts should include data coll ecti
prescri bed burns.
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Appendi x |
Usi ng the CFK equation to adjust the NIOSH REL for CO

In the NIOSH docunent: "Criteria for a Recommended Standard. .. Occupat
Exposure to Carbon Mnoxide,"’” NI OSH used the Coburn, Foster, Kane (CF
equation to develop the NIOSH REL for CO of 35 ppm as an 8-hour TWA.

t he exposure |level that would result in a 5% COHb | evel in workers exg
sea level, involved with a sedentary |evel of work activity, and expos
8 hours per day. The CFK equation is:

[COQ ppmthat results in 5% COHb = 1316{AC - VB + a(V.B - AD)}
1- a

wher e:
A = Pcg + M GHb)
=(1 + D) + (P * Vi)
a = e-AT/ B

The variables in the above equations were given in the NIOSH criteria
for CO and are presented bel ow ’

C = COHb concentration at time T; 0.01 m COHb/m blood (5%
COHb) .

D = background COHb | evel at tinme=0; 0.0015 m COHb/m bl ool
(O.75% .

Vo = rate of endogenous CO production; 0.007 m/mn.

V, = bl ood vol ume; 5500 nl.

O,Hb = oxyhenogl obi n concentration; 0.2 m/m bl ood.

M = ratio of affinity of COvs. O to henogl obin; 218.

T = l ength of workshift in mnutes; 480 m nutes.

D = CO di ffusion rate through lungs for sedentary |evel of
activity; 30 m/m n/mm Hg.

A = lung ventilation rate for sedentary |evel of activity;
6000 m / m n.

P = dry baronetric pressure in the lungs in mmHg. 1In the |

criteria docunent, NI OSH used the standard atnospheric
pressure at sea level mnus the pressure of water vapor
body tenperature (760 mmHg - 47 mmHg = 713 mm Hg) .



Appendix | (cont'd)

Pcoz = partial pressure of oxygen in the capillaries; 100 nm H

Many of these variables are constants based on physiol ogi cal processes
of the variables can be changed fromthose used in the NIOSH criteria
to better describe the work environnent of the forest fire fighter. (
in these variables by the NIOSH i nvestigators can be classified into t
categories: length of workshift, |level of work activity, and altitude

Length of Workshift (T)

NI OSH used an 8- hour workshift (480 m nutes) in calculating the RI
35 ppm Although forest fire fighters typically work 12-hour shif
day, the NIOSH investigators retained the use of 8 hours in their
cal cul ati ons because this reflects the tine period that was nonitc¢

Level of Work Activity (D _and V,)

The NIOSH criteria docunent |lists the variables D and V, which wel
in the CFK equation to define |level of work activity.” The val ues
t hese vari ables represent three levels of work activity: sedentar
i ght, and heavy. These vari ables and val ues are shown bel ow.

Wrk Activity Level D Va
Sedent ary 30 m / m n/ mm Hg 6000 M/ mn
Li ght 40 m / m n/ mm Hg 18000 M /m n
Heavy 60 m /m n/ mm Hg 30000 m/mn

In calculating the NIOSH REL of 35 ppm N OSH used the D. and V, Vi
for a sedentary level of work activity.” The NI OSH investigators
Thonpson Creek forest fire contend that using the values for heavy
activity would be nore descriptive of the work. Thus, the above \
for a heavy work activity |evel were used by the NI OSH i nvesti gat
their cal cul ati ons.

Altitude (P,_and Pr*_gz)_

The two variables within the CFK equation that are directly affect
altitude are the dry baronetric pressure in the lungs (P) and the
partial pressure of oxygen in the capillaries (Pcg). The adjustm
these variables to reflect the effect of altitude, as related to t
equation, was previously discussed in an U.S. Departnent of Healtt
Human Servi ces, Public Health Service intra-agency menorandum 2?2 °
following will present the changes in these variabl es caused by e
to CO at an altitude of 7000 ft. P, is the nost obvious variable
CFK equation that would be effected by altitude. 1In the NIOSH cri
document, NI OSH used the standard at nospheric pressure at sea | eve
m nus the pressure of water vapor at body tenperature (760 mm Hg -
47 mm Hg = 713 mm Hg).’ To calculate P, the N OSH investi gator u:



Appendi x | (cont'd)

737 mmHg. This is the average val ue of three neasurenents of
barometric pressure made on 11/4/91 using a Thomren al ti neter-barc
This pressure corresponds to the el evation of approximtely 1000 f

In discussing altitude, Best & Taylor? state that the partial pre
of water remains the same, and is only dependent on body tenperatt
Thus, 47 nmm Hg was subtracted fromthese values to obtain the P.

The partial pressure of oxygen in the capillaries (Pgg,) is direct
related to the atnospheric pressure. Fromthe above intra-agency
menor andunt?, P, can be cal cul ated using the followi ng formula

Peo, = PL x 0.21 - 45

Usi ng the above given values for C, D, Voo V,, O,Hb, T and M the
cal cul ated values for A B, and a; and the new values for V, D, |
Pcw, the NIOSH investigators cal cul ated the maxi num CO exposure
concentration which would result in a 5% COHb | evel in nost worker
For forest fire fighters working at a heavy activity level at an
altitude of 1000 feet for eight hours, the CFK equation predicts t
5% COHb | evel will be reached at a CO exposure concentration of 3(
Al t hough the typical work shift of the fire fighter is 12 hours, i
observed that on the days during nonitoring, the majority of this
four hours was spent in travel to and fromthe worksite. The
contri buted exposure to the fire fighters during travel for this
particular fire was estimted to be | ow.



